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(54) PROGRAM DEBUGGING DEVICE 



(57) Abstract: 

PURPOSE: To provide an inexpensive program 
debugging device in which memory data is easy to 
understand, and a program need not be stopped during 
the display of the memory data, and the display of the 
memory data of plural machine built-in type 
microcomputers is facilitated. 

CONSTITUTION: The microcomputer 10 is provided with 
a CPU 13, a ROM 14 in which an application program 
and a debugging program to be executed by this CPU 13 
are stored, a communication interface 12, and a RAM 15. 
The CPU 13 executes the application program in 
response to a debugging command through the 
communication interface 1 2 from an external device 1 1 , 
and executes debugging, and informs the external 
device 1 1 of this result, and also, rewrites the constant of 
the RAM 15 by the command of the external device 11. 
The externa! device 1 1 receives the memory data of the 
RAM 15 through the communication interface 12, and 
displays this memory data after converting it by the use 
of a conversion table. 
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V n -t ^ rzt> (D n y ^' m n ^ ^ L. t ^ 
^ iSft< > ^ :7 x-x > , ^ > 5^ r ^ -tr XiDct D^x 10 

T'n*^?-^ A i v^/N' .y y □ y ^ A ^ ^l^fT^it, fllS 

^)<7:)i3^>Ktcj;o miz R A M f-^s^^nri^-s 

ft<>5':7x-X$^LTmIISRAMO;^^:U7^-5'^ 
^ftL. mJlS^ff L/i/^ U 

< n 3 > e 3- - 5^ i: . ml ad ^ ^ M iZ. <??^^ Jl^ ^ a d > 
ff^i§lt'f>5^:7x — Xi:, ^ r ^ -tr x:fe J:^x 

TT'-j y-'>3 >zru^^ /^(Dj'n-j ^^nu^^. mt^ 

< >^ 7 x-X$:rM.TmIIS^Si5^g(Cil^-r^ ii^t 40 

fc. RNisiifi'f'v 5^ 7 x-x ^:n^ UTSfit-^mife^ge 
^m.f}^ (D zi -7 y KfZcfc 0 httibr AMtz*&^e nn^^ 

ft<>5^^x-X^:n'LTmrldRAMC7)?g§c<D;^^Uf' 

}d a.''9(D^^ <Dmm-( >9 y jL-x^mo^Pixmm so 
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<h-r^if5^^12sa©coyay^Ax/\''yyi^^, 
( 0 0 0 1 ] 

[mm^<Dfiim^^] ^^mn. rom c^mL^^/ 

n y ^ Ax/N' -y y^g{c5IT^, 
[ 0 0 0 2 ] 

iL — 9 U-^iZ. ROMiZT zf^J "r — y a yy a 9'y 
^^^L. ^coy P y ^ A ^HfT-r^ C <h tc J: 0 ^^IP 

m^t^^z^mf^mm^MmLx^^^, ctD^^tjim^ 

m^^m-^^ 9 an y ^ :l-9 (D^a 9y l:.m^\t~^ 
tC, ^^£^oy□y^ A7^/N'-y y^^ch LTCO-r >tf--^ 
•yhX^zLl/ — ^'(lEC. In Circuit E 
mu I a t o r) m ^^XVf UtotXX l'^ fz. 
C 0 0 0 3 ] 

A ^ ^5 ^ -7* P y 5 A X /N* -y y , ^ > -y- - ^ -y h 

xajLU-5^7^^fi5fffir^o, sfc. m.m'^ih^B-^ ^ 9 

D 3 > fcf a.- 5^ JCfg^^na C P U (^^jaS^g) CD 

ei^tcfc;i;AcW^coi'>-tt-=^^-y hj:,^D.y-9^^m 

PoT^.^.T^f^'^o/c, ^fz. <>1t-^-yhxia.U-^tj: 
-7-r^7P=i>e;L — 37<7:);<^'J Ox — 5^ l O ilri . 2 
1 6 iifiC J: ^ ^gc^ra^r ^ co^Tf^ 0 , 

-y hX5iU-5'ld:^l§mi^<rfff5^<^P3>t:iL-^ 

oypy^A^ffih^-tlr^^cttnti'eco/^r'jT'— 5^^^ 
^tB-r C i:7!>^'T'^ < >-tf-4^'y hxa ^ U-^tC;^ 
^ ij t'-:^' ^^tkT^ t^\z\t.m.^n]h^n^-^ 9 
y :3. - 9 <D y a 9" y (r>mn ^ ^ ±r ^ t^^mf)^ ^ -o 

(D pi^^^J ^"-9 ^^TK-r^^z^tm^-^cD^ y^-^y h 

T,B. -Ll^ — 9^^'Z>WX'^':>rz, 

[ 0 0 0 4 ] ^^m\t±mmm^^m.Lxu^nfzh<D 

9 (DmmfJ'^n^X . :^^^)'f—9^^^^\ZZfu9=7U^ 

t:rL-5^cO;^^'J t"- 5^ O S 7^)^'^ ^ /^C ^ o 9 =7 U'r 
•y y ^ ^ ^ ti ^ T ^ C i: ^ ^ , 
[ 0 0 0 5] 
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^mm^izm^^)i^^ti^m^w.')2^^m'^< ^ □ n > t::z 

^ ^m-^m t f)^ 'h ^ ^ a ^ =7 i^^rn-j ^'^m\z^^^ 
&;>C07^/N' V y n y ^ A ^*&^-r ^ R O M i , :?t'^ 

ft -f >^ 7x-X^^LT§/t-r^^gB^g;:i^6C0=i 

CO 0 0 6 ] if Jj^^2gSt£c07'ny5'Ax/K-y i/^g 
ti, ^S^gstcm<;^iX^n^^i§Mii^ff^^< ^ D n > 

t^^T, ^fs^j^^J^-^-r □ =3 > CPU 

ccoc p ufCcfconff 5 nsryj ^-v 3 >yD 

y^Ai:CIC0T^'jy-i^3 >7'Dy^ A^x/N'-y 
^r:L^(D^n -y y n A ^ $r*&l[^-r^ROMch, 

Xcb, ^>5^Ar ^irXi3j;;:^x-:$'gmA/)^^tg7^j:R 
AMii^^^L, CPUti, iift-r >^7x-X^:rM.T 
^^^g;!/^b:g:fi^n^xy\''y y^avv Ktcii^CTT 

yjy->3>yny^Ai: T^/N'-y y^T'oy^Ai^ 
llff^-tt- ryU^-v-S >yni?^^A(7:)5^/N*'y^7'^ff 

{lOd^yx-x^^rrLT^gis^gciiSiT^ch^fc, 

iM ft < > ^ 7 X - X ^ ^ L T ^ff-r ^ ^1^ SS^ O 3 
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C0T7*'J y-'>3 >7'niy^ A^gi^l^it/i?^fC?1'ge^ 
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n 3 > If ^-^ 1 0 fC^LT. y'-9mmti^±(Dm 

iift ^ff o COT-. nsB^gi I'.zitmm. v<^^d3 
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[0 0 12] zcD^o ^z^mmmx'it. mi^u-^ >-^- 
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[0013] HI 2 (iO 1 CO^Q if ^Ax/\- y ^^^©^^ 

^ tci$iffitc7f^-ry n -y 2 tc^fev^r . lo 

m. iSflCPU, 14{3:ROM. iStiRAM. 16 

m ^nr^^ fzs^cDmm ^ > ^ y — X t Lx <D 7 ji 30 

t^^T^ > 'J T;Ki^^^x.gi5 (JL^T, miz r^^A 
t^^o) . 2 0 (i^gg^^.^j^V'f :7 n -I > e^- 

5^ 1 0 tm~msZ(Dm^m.'j^^B'^^ ^ n 3 > tf 

5^. 2 7 fi^Hmi^.^J^V'f ^Di]>tri-5'2 0CO'> 

'jr;ui/og5. iiifs:7nvhf-T'><x^?K^'r 

112;iCRT, 1 1 3 ft K . 1 1 4 C 

PU, llSfi^D-ytf-f^^X^^K^-TT^lllchli 
^^n^T^^fX^nVhn-^. 116fiCRTri2 

1 1 3 ^f^^^ I /OSS. llSfiRAM. 119 

tiR OM, 1 2 0 ^tm^m^^m-^^ ^ nzj >\:^ n,-^ 
10. 20 t^-^mm^^nuorzubo^i^^) r )v \ yo 

T' ^ ^ , 

COO 14] (^2c^t.^r. ^gis^gi Mi — 

/gcLTi.^^, ^tz. m^'^^^^m-^^ ^ azi ZL-^ 

10, 2 0 (o X 'J r ;u I y ois 1 7 . 2 7 ft^n-^'n*?] 

1 8 (hts^^nri^^, ROM14Cti 50 
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ryj >7'n^^^A .>^}C7^/\'-y y^T^ni?'^ 

-ryi 1 icfi. 9v^^mi i^^ifSPf^yay^A^ 

r-r T^/s'-y </C0Ac46(^ R AMT K 

m^<DR AM^- :^ ^t^y T ^ )\^f)^^m^ nx 

[00 15](S3Ji->'JrJl^I/O^17, 27 ^ tkT 

-yay^mx'^^.msiz^^^x, 2oi{icpu t^- 

r^^/N'X, 202ti>'7hUi^X^. 203. 204. 2 
0 5 tiff 2 0 5(S;^^>5^. 2 0 7tift^^r^ 
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0 . C P U -r — /\*X20 lf)^^>^yhl'iyXS'202 
tC5^-^ (f 2 0 5 tC^l^glS^ □ -y ^ X C 
LK^A;^-r^c:<hfCj;0x:7hU'i/'X3^2 0 2 ^ y 
h^i±T. v"J Z^Uit^ S O €ft^^ 2 b 4 -stB;^r 
^, A:^ft^SItO'>>'KUi^7.5'202^cOA;^tim 
^'^ 2 0 3 ^ftLxnUtotl. u y ^ XC LK(D 
Xf)iZ^r) '^y hU'>-7.5^2 0 2 iZ ly y h Xti^tl^ t 
^iz. n y ^ X C L K^tti ^ > ^ 2 0 6 iZJ: 0 :ti 

> h ^tl. y h U iy y. 9 2 0 2 (D \i y h ^(D tf o y 
h^'i§i€^t, m^m 2 07^^LTCPU13. 11 
4 izMLXmO'^^m^^^m^^-^^o (^3<0[EjgST 
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[0 0 16] m4\tm^m'^^m'^< ^ 
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1 1 ^^bT^g§^aii<^j^v-r ^n3>tr3.-^ i ofc 

^D-y^7XCLK<hLTA:^$n, ^Sl^gU^Sl I f)^ 
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1 0 ^ -> U 7;i/ft^ S O A ti(i^^ 2 1 3 
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f)<2't(Dm'^(D^^^^i 8 ^^.-r^^mx^^. 

^Z^l^X, 220-229 lifi^^. 23Q'rt^m^m 
g§. 231. 2 3 2\tmmm\s}^X^^. ff^^220 

m^mi I f)^^m^m2 2 i ^ift-Lxxti^n^^ ay 

^7CLKfl2^(0^^mi^<^f^-7<^nzi>e:2.-:$' 1 



! 

( 5 

7 

0. 20tcft^^ 2 2 7, 2 2 4 ^iYLX^ a y ^ XC 
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0. 2 0 ^CO -> 'J r ;Uff ^ S O fift-^^ 2 2 8 . If^^ 
2 2 5 ^^LTi^U 7;Kt^S I A, SIBchLT^§g 
TS.ii-^B'^ ^ ^ a O > \d ZL- 1^ I 0 . 2 0 'fZXfl-^n 

2 ^co^^^i^^ff^v< i7 a > iL-^ 1 0 . 2 
0 f)^^<Diy 7 }l'm^ S O A, S O B ti^^fOCHlgS 2 3 

0 tc^ oi^sfa^n. ft^^ 2 2 3 ^^r^ V u T jum 

^ S I ii/^iio T^l^gB^g 1 1 A":^ (^1) 10 

:7 n 'V tf-x ^' X K 5^ y 1 1 1 Cl^^^nTi/^ 

^ R A M 7 K U-T. 15^ 7 7 < iUtT^-^si^^nf . 
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:77<>'Ufcfi 1 ff 1 -pcT^Mch^fT^fiTi^'^-rfflc 

±x(Dm^i^mr^'Z^m^trjii^^. 
[ 0 0 2 1 ] i^6(^, m^m.^^m^< ^azly\^n.- 
2) , f^ih ^^7:f^^>i:i|ylS'JUAcl3l^ti, /cC fc t> ^ 

-tf-r;u-y i¥±y y<ff}<yt>xu^^t.p\wiLrzm't 
[ 0 0 2 2 ] m7\t. m^m.'^^m-7^^az2y\::iL- 

9 10. 2 0 fCi3tt^51^S^g 1 1 ^^CDftlOi^^JU- 
-r;'^t5-^7^A'-y y^7'ay^AF^^co;L'-f=->^ 

tC^I-gP^gl lf)^^<Di^^J 7 Jimm (v'JTJKt^A 
7^1^^^ <h, [a3<75->'JT;UI/O§i5l7. 2 7J:0 

m (X^-y^S I 1, Si 2) . RA.M#iA^52l^ (X 
5^-yySl3, S14) . i^±mm (X7^-y ys 1 5 . 

s 1 6) . i¥±mmmm (XT^-y^s 17. s 1 8) ^ 
T )]^mnAtiy)^f^^^monn^nr^i.^(DX'. 
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h g <75 n -7 > H ii. Xt'^^^mW. 2-h^^)t. Zt"^ 
tk^l.. 4 ;:i<#iAj^^£Dzi v> K-e^^o 2/\'<hgc0 7 
HU7.flO;;i^t^2 5 5ST^TCc;5^*T#. S/x'-fhg 
<?:>x-:^ t> 0 /-tf^e 2 5 5 ^TSr^ C ±12 
3 h ti. ^^^g 1 1 i:^^^i^<;^fF^-7-r ^ n 3 > 
e^-^^lO. 20c ri^'EI 3 CO -> U 7 I / O 1 7 , 

2 7 0 f5l5#{-i^^ff ^fT;^ie> C chtlct Oiift^tl 
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R A M D E F ( I ) ( 4 ) I § g CO R A M 7 K U X ^ 
?^cOC P UiM^^^ 

R A M D E F (I) ( 5 ) (5 I ^ g CO R A M 7 h* U X ^ 
^(DW^^Pf'^y y ^ 

^fz. 3t^^I^3gcT R A N S T B L S (I) ( J ) I 

§gco^^7^-y>iuco{Sj fcto^-r^^^^jr-^^. 

[ 0 0 2 5 ] '^Xiz. ^-X:h^-r > f)^^ ^ P\ 

^'J-r^ (Xt^vT'S 3 2) , ^- U<h4yiJ?'j L^cii 



( 6 ) ^^^^ S - 2 2 1 2 9 7 

10 

^fCti. R AM7 K UXIS^iB^jf^-^ {rli^$nfc7 
K UXCO^ti^j^^?^ v-r ^D3>t::L-^lO, 20 
COR AM 1 SCOT^-^'^il^mL (X7^-yyS33) . 
R AM7 K U X 15^ SE5^J 5=^-^(1 m^^^lTt.^ -5^^ T- 
- yjl'^^co^^T^- yjU^C^^jgg^ijT^'- ^ C04=;5^ ^ , 
R AM7='-^(OMfC^tf£;t-^^^^j^^^ L (XT^-yy 
S34) , Ztl^B^r^ (Xx-yyS35) . ^^7- 

tcra^f^re, ^tz, m^Ltzm^cD^f^^-y }\,iz. 

10 L T'c R A M 7^— ^ (Dm^Z^ Ll^1C^Mf}<Ul'^m^ 

iZitm^LU^^ (X7^vyS3 5) o ceo — ^C05a^^ 
?t OilTC chtC J: 0 . llfT4=co^§g^ii<^ff^v< >7 DD 

>e^-^io, 2ocom^LAcR amt"— ^cof^^T:?^ 
^mRu^^m^tirzic^^^ixcRT I i 2 fc^TK^n^ 

tt^, CCOa^F^^CO-0il^ (^3) fZiFf, 
[ 0 0 2 6 ] 
[^3 ] 



20 



labell§L chip! bOh DEC r RAK=1 



[0027] (^3)tC4Dtt^label--DEC r 

{tmmLfzmo (D\^^x^^. f^i-ff co^xcor am= 1 

tlRAMcO TbOj mi^v'-^f}^ rij Tf^^Ci^^F 

L. ikmAit (a 2) fc^fizeitcR AM = 1 nj^fit^-r 

6 0 x: (D o r^^mx ^ ^ . xy^-jy^s 3 2 X'^ — xti 
-3-7 > tnw\^nrzm^iz\t. t(D^~-xtif)< 

^yys 3 6 . S37) , i¥±^m (XT"yyS38. 
S 3 9 ) , f?±^^E^5a^ (X5^-yyS40, S4 1)cO 

[0028] iXrtc, z<D^oU/\— ^ x.r , yyvy 
x7^^5Kcoya y ^ At^/k yi^^(Oi#]f^Jz-::)t,^r I^b^ 

1"^, mmzwwi^'^^w^^ < ^ n n > t:^-5^ 1 0 , 
40 2 0 //^gi^i^n^ <h . cco&^.^,-cff±7^yti7t->' c?;] 
K^^b^nri^^^co-c (la 6 cox 7^ -y y s n , ^§§2^^ 

O^^^ff/^cC^) (X7^'yyS2, S3) , ^(0{^, 
^§1 \^^XS^(D^U^ ^ h.t'^^^-^n^ tL. ^ 9 CO 
ya^?^^ Aici 0 , ^igmi^^f^^-r D n > t:zL-37 
10. 2 0(DRAMT'-5'^S:(igi3j:t/5^7^^0^-r<^ 

^$n/c:5:^5^'jrcRTi i 2ic^o^-^-r^c<h7)^ 

5;!i^^RAMl 5 *S.^(75f^gS^I& (^^Ut'-^^) r-Si 
50 ^, f^±i3v>K^=%^-^-Hl 1 3/j^6A;^LT. ^ 



( 7 ) 

1 I 

jii^-ttT (Xx-y 7^538, S39) , ±sEf^gi5^^^ 

#-5) (X7"'yy^'S36, S37) , ^^fC. ^^^iZ^^ 
ff^-v-'f ^7 D =3 > en.-^ 1 0 , 2 0 C7:»ifjf^cpc ^S^^^^i 

2 0 fC{i^< 3>ejL-:$^10. 20(i®jf^ 

2 0 COR AM/i^' 1 f®cDlt^^^L/i;^^ R AM;:?^^i5:-C 

[ 0 0 2 9 ] ClCOcfc^tC. :^IISg^JT'f^. ^ii^i^^f^ 
T<<:7nz[>trii.-^10, 20^^I^AgSl8^:n^L 

n > 1 1 chf^^-r^ fc L/ccD-r. n^ii.® 20 

1 1 ^c;fe^t^a^[^^fcg-:3'^.^T. ^gf^ai^.^f^v-f ^ 
□ =3>t:a-5^10, 20<7DROM14*&^(757'nir^ 

y ^ A ^^^f ^i£:^^ti;^c£< . ^ D 31 

>tf^-^10. 20 tr^^iAtfx/N'-y i/ffl T'a y ^ A 

•y h X 5 ZL u-5^Tf^fflTs^ ^;5:^s^t^/^iSts:-ci^If^•r 
( 0 0 3 0 ] 

^ ^ uziy'^n.-9\Z. CPUt, CcOCPUtCJ:0^ 

-> 3 >y □ y ^A^-T^/N'-y ^/c 56(75 ■r/\' y y^^n 
y5A<h^^Sll^-r'2>ROMi:. g x - 

^iMff ^ff ^iift-f >5'y x-x<h. ^>yAT^7i:x 
^5J:a'7"-^S^^;5Wtg7'j:R AM<h^^L, CPU 

>y□y^^x/^'•yycol^^^il^f-r>5^:7x-x^:f^ 
^m^tix^^^^M(D^^(Dmw^pL^nu^^. ^y^^m 

{t. illt-f > 5^ >^ x-X ^:fM.T R A MC7);< ^ 'J ^-^ 



8 - 2 2 1 2 9 7 

12 

7 yj ^- -> 3 >y □ ^=7 Ud^^ny ^'^Vrt^ o Z tf)^ 

:<^'J v^-l^^^^m^tlX^m^ n^<DX, ^^U5^- 
0 . ^ b , ^l-^^^ic ^ ^ 

tiT^A'-y y^yny^AtZO: 0 @ 56 T ^SfP^^ fT /^c 
^CO-C. ^ 'J y^-^ (D9\-^^mX(Dm7rk^^zm^'^^ 

COO 3 1] 9y^mm/)<. iifi'f>^7x-x 

/i?I^copc^.j5^-3=^co^^^^s6iS^L;:zm^co^^ 

[ 0 0 3 2 ] ^^tC. ^^D^Agi^tCi; 0 ^^co^fg^ii.^ 
T, m'^<Dm^'4&i^,^r^-^-C ^ u n > zL-:^ iZMLX 

^tcf)^ty I ^(Dm^ tm^(Dnjt^^^'^mx^ 0 , ±BEt 
mm(Dyj]M^m-r^ c tf3<x^ 

imi] ^^^M<D~mmmizm^y'n A^/^y 
m^^fzfuy^mx^^, 

[m2] m I <D:/a ^ ^ Av^/^-y tfmm^mm^zTikry 
a y ^mxh^. 

[1^3] m2(Diy^jr)\^ I /'ou^Tjk'ty'n y ^mx^ 
^, 

[^4] ^ a ^ y \^ oL-^^)^ I ^(Dm 

V u I yo^^^-r^^mmx^^. 
[m5] m 2 <D'> T )umn^^Pi^^^-r\3\^mx^ 

(Df—^mx^^. 

{m9] 9s-%^m<D':/u cf L.'^m.m't ^rz^(Dy u- 

10. 20 ^gimiAJ?fff^-7< ^ D u > 

1 1 ^asg^ 

1 2 iifi< >37 7x-X 
13.114 CPU 
14.119 ROM 
15.118 RAM 
16. 117 I X O SB 



13 

17. 27. 120 v-ur^ui/oag 

IS X u r ;u ft ^ ^ A 

1 1 1 ya-yh^ — y^^x^}^^^^ 

1 i 2 C R T 
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113 4^ - - K 

115 f^^'Xi73>hn — ^ 

116 -T X y'ly^ mm^ 



[m 1 ] 



im 2 ] 





.12 





















,13 




CPU 








ROM 








RAM 








I/O 



[El 3 ] 
.201 cPuT-^/^T. 



SI • 

so 

XCLX- 



,203 1 



,205 



,202 



,204 



r 206^207 

^^>» I ^ C PU WiaS 3^5 



rl I 



7 □ l^- 
H5>f r 


.115 




3^ h a— 9 





J 12 



CRT 



,116 



.113 



JI7 



1/0 15 



rtr9 



ROM 



3^ 



(/oa 



.lO 



.IB 



CPU 



ri7 



ROM 



t/os 



20' 



(la 4 ] [ia 5 ] cia 6 ] 




( 9 ) 



^m^^S - 2 2 1 2 9 7 







( 10 ) 



t#r?i¥8-22l29 7 



[fH 9 ] 



c^^It' - ^'^su^^di Lr R AM 1 1 8 c^mr ^ 



;S3I 




